Abstract. The syn-rift Miocene carbonate rocks in Rabigh and Ubhur areas belong to the Jerba carbonate member of Dafin Formation and Ubhur Formation, respectively. The carbonate rocks of Rabigh overlie Wadi Al-Hakkak clastic section and are considered as a lateral facies equivalent to the Jehfa evaporite section. The Ubhur carbonate rocks underlie the Middle Miocene shale and evaporite rocks. Raised Quaternary coral terraces are dominant in Rabigh area.
Introduction
Most paleontological, palynological and stratigraphical studies on the eastern shore of the Red Sea coast of Saudi Arabia were done on the Midyan Peninsula, Gulf of Aqaba, where profitable hydrocarbon occurrences are discovered in the sixties of the last century. Based on these studies, various informal lithostratigraphic schemes have been applied to the Saudi Arabian Red Sea succession by numerous authors (e.g. Beydoun, 1991; Hughes & Beydoun, 1992; Filatoff & Hughes, 1996; Hughes et al., 1999; and Hughes & Johnson, 2005) . Whereas in Makkah and Rabigh Quadrangles, most sedimentological and stratigraphical studies deal with the pre-rift sequences (Shumaysi and Usfan formations); (e.g. Brown et al., 1963; Moltzer & Binda, 1984; Spencer & Vincent, 1984; Srivatsava & Binda, 1991; Gheith & Abou Ouf, 1994; Abou Ouf ,1998; and Hughes & Johnson, 2005) , and the coastal sediments of the Red Sea region (e.g. Basaham, 1998; Basaham et al., 2006; Bantan, 2006; and Al-Sofyani & Niaz, 2007) . The clay deposits of the syn-rift Miocene sediments are the interest of Taj et al. (2002) , and Basyoni et al. (2002) . However, no paleontological studies are dealt with for the Neogene sediments at the central part of the eastern shore of the Red Sea coast of Saudi Arabia. So, the purpose of this work is to study the taxonomy and paleoecology of the Neogene rocks in Ubhur-Rabigh areas, north of Jeddah city (Fig. 1 ).
Location and General Geology
Ubhur and Rabigh areas are located north of Jeddah city by ~ 20 km and 175 km respectively (Fig. 1) . The two areas are located in Makkah and Rabigh Quadrangles where the Precambrian basement rocks are exposed to the east that are unconformably overlain by Tertiary sedimentary rocks in the west, and by Miocene to Pliocene lavas in the north (Moore & Al-Rehaili, 1989) . Extensive areas of Quaternary surficial deposits (sand and gravel) are extended on the coastal plain and in the major wadis. The stratigraphic succession of the Tertiary formations, as well as, the paleogeography and structures of these sediments are studied by Spencer & Vincent (1984) .
The Tertiary layered rocks of Makkah Quadrangle are composed of tilted and faulted strata, which are exposed sporadically, and usually poorly, beneath a cover of flat-lying lavas and Quaternary deposits in the western part of the Quadrangle. They were assigned by Brown et al. (1963) to the Shumaysi and Usfan formations. Spencer & Vincent (1984) replaced the Shumaysi Formation with several formations; they are Haddat Ash-Sham, Shumaysi, Khulays and Buraykah formations. It is noticed that the Haddat Ash-Sham, Usfan and Shumaysi formations are facies variants and thus chronostratigraphic near-equivalents (Spencer & Vincent, 1984) .
The Tertiary sedimentary rocks in the western part of Rabigh Quadrangle are best preserved adjacent to where they have been covered by Tertiary basalt flows; elsewhere, they occur in low hills rising above the coastal plain, largely concealed by sand and gravel (Ramsay, 1986) . The rocks are generally horizontal but have been faulted (After Ramsey, 1986) .
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and consequently attain flexure dips, in places, as much as 40°. They lie unconformably beneath Tertiary lava flows and unconformably overlie, or are faulted against, the Precambrian rocks. They have been assigned to the Usfan, Shumaysi (?), and Daffin formations (Ramsay, 1986) .
Lithologically, the Tertiary formations in Makkah and Rabigh Quadrangles that were studied by Taj et al. (2002 Taj et al. ( & 2004 have a limited extent that consist mainly of siliciclastic material, derived from the surrounding Precambrian basement and pre-existing sedimentary rocks. However, the overwhelming clastic sedimentation is temporarily interrupted by limited but persistent marine and lacustrine carbonate units in Usfan Formation and Dafin Formation .
Despite the similarity of the lithology, age and the close geographic locations of Ubhur and Rabigh areas, the exposed Miocene rocks in these areas are assigned with different formation names. In Ubhur area, the Ubhur Formation as described by Moore & Al-Rehaili (1989) consists of green sandy clay, siltstone and soft, white bioclastic limestone with gypsum bed interbedded with the clay. Based on the microfossils and bivalves present in the limestone, Andreieff (1983) assigned an Early Miocene age to the Ubhur Formation.
In Rabigh area, Taj & Hegab (2005) studied the lithostratigraphy, sediment characteristics and depositional environments of the Miocene rocks of Dafin Formation. They classified Dafin Formation into three sedimentary facies; they are siliciclastic, carbonate and evaporite rocks. The siliciclastic rocks are deposited in a meandering system, the carbonates are formed in shallow marine to protected lagoon, whereas the evaporites are formed in saline pond and in sabkha (Taj & Hegab, 2005) . Mandurah & Aref (2009) interpreted the deposition of the evaporite facies of Dafin Formation in a very shallow salina dominated with microbial activity.
Lithostratigraphy
Two composite lithostratigraphic sections have been measured and sampled in detail for the Miocene carbonate rocks in Rabigh and Ubhur areas, and one section for the Quaternary terraces in Rabigh area (Fig. 2) . In addition, samples from the marls, claystone, shale and mudstone beds are checked for their microfaunal and palynological contents. However, sampling and interpretation of the evaporite sections at Rabigh and Ubhur areas (Mandurah & Aref, 2009 ) and the clastic section at Rabigh area (Taj & Hegab, 2005) , and Ubhur area (Taj et al., 2001) are out of the scope of this work. It is important to mention that Taj & Heqab (2005) subdivided the Miocene Dafin Formation of Ramsey (1986) in Rabigh area into three members, these are from the base to the top; Al-Haqqaq clastic member, Wadi Jehfa gypsum member and Wadi Jerba carbonate member. The following is a description of the measured carbonate sections in Rabigh and Ubhur areas.
Wadi Jerba Miocene Carbonate Rocks
The Miocene carbonate rocks are exposed only at Wadi Jerba, which conformably overly the clastic member of Rabigh Formation. At Wadi Jehfa, the evaporite rocks are also conformably overlying the clastic member of Dafin Formation. So, the carbonate and evaporite rocks are considered as lateral facies equivalent. The carbonate rocks are recorded as residual hills and elongated ridges that were covered with black boulders from Al-Harrat basalt.
The following is a description of the carbonate section at Wadi Jerba from base to the top:
Massive, hard, olive to yellow medium sized sandstone.
Jb-2 70
Massive, hard, dirty white dolomitic limestone, with few gastropod and bivalve shells.
Jb-3 120
Very hard, vuggy, pale yellow to white dolomitic limestone that forms prominent, resistant ridge for the whole carbonate exposures. The dolomitic limestone consists of scattered shells of foraminifers, gastropods (small and large), (Fig. 3 ) and bivalves embedded in fine bioclastic matrix (Fig. 4) . The distribution of the fossils is sporadic, where bivalve shell concentrations are observed locally (Fig. 4) . Thalassinoids burrows are also recorded, that may enclose the mold or shell of gastropods. Sand sized quartz grains and pebble and cobble-sized volcanic rock fragments are recorded also in the dolomitic limestone layer. Millimetric moldic vugs of bivalve and gastropod shells are common, where the internal and external molds of the shells are filled with bioclasts and fine sand sediments.
Jb-5 40
Medium hard, dolomitic bioclastic limestone with gastropod and bivalve shells and molds. The upper surface of this layer shows high concentration of shells and shell fragments from Clypeaster and Echinolampas sp. that are dispersed at the weathered surface of the dolomitic limestone. No pebbles are recorded from this layer. Also, a fewer shell concentration is observed than the underlying carbonate layer.
Jb-6 120 Massive, medium hard, varicolored yellow to pink to white carbonate mud, without any observed macrofossils or ghost of them.
Jb-7 150
Massive, vuggy dolomitic limestone that consists of foraminifers, gastropods and bivalves embeded in a matrix of bioclasts. The gastropod and bivalve shells are mostly dissolved leaving moldic cavity, whereas the internal molds of the shells are composed of fine bioclastic material. Coral debris are recorded overlying this layer.
Ubhur Miocene Carbonate Rocks
The Miocene carbonate rocks have limited exposure near the piedmont of the hill (~200 m) of Ubhur area, and they are exposed only as a result of excavation by dredger as they are covered with aeolian sand, basalt and other volcanic boulders. The sequence at a newly excavated face is as follows from the base to the top: 
Quaternary Coral Reefs
Sandy beach sediment forms the coast of Ubhur area, whereas carbonate rocky beach forms the coast of Rabigh area. This is due to the existence of raised coral terraces facing the shore line in Rabigh area, whereas coral debris are recorded far from the beach (~ 1500 m) below sabkha sediments and aeolian sands in Ubhur area.
At Rabigh city, raised coral reefs form two prominent terraces throughout all the coastal area from the refinery station of Saudi Aramco to the north of the city. Each terrace starts with dissolution notches at the base and a hard ledge or overhang at the top (Fig. 5) . The lower notch is encrusted with thin black organic crust. The sequence in the coral reefs from the base to the top is as follows: Turbid white, very hard, with solution pits, pebbly to sandy grainstone that forms hard ground.
RC-2 100
Yellowish brown, cavernous, colonial corals that exhibit a variety of morphotypes such as branching and massive types. Between the coral colonies, bivalves, gastropods and echinoid spines are scattered in a carbonate matrix.
RC-3 30
White, very hard, well sorted, graded bedded sandy to pebbly bioclastic and intraclastic grainstone ( Fig. 6 ). Sometimes branching colonial coral from the lower layer grow upward that are mixed with encrusted corals and form hard masses (~ 3 m in size) that intersect the grainstone layer.
RC-4 230
Turbid white, very hard, colonial corals that exhibit a variety of morphotypes such as branching, encrusted and massive types (in order of decreasing abundance). The branched colonial corals form large vase shaped masses, less than 2 m in height (Fig. 7) . The encrusted colonial corals form several crusts with sediment fill in-between ( Fig. 8 and 9 ). Most of the encrusted colonies are dissected by the growth of the branching colonial corals. Massive colonial corals are scattered in carbonate sediment. Numerous bivalves, gastropods and echinoid spines are dispersed between the colonial coral masses. Near the lower bedding surface, numerous calcareous rhizocretion are observed ( Fig. 10 ). 
Systematic Paleontology
The Miocene and Quaternary carbonate rocks of Rabigh and Ubhur areas are highly dominated with faunal content (both macroinvertebrates and microinvertebrates). The following is a systematic description of the recorded fauna:
Macroinvertebrates
The studied specimens have been cleaned from the attached rocks and washed in the laboratory, fully described, photographed and generically classified. Specific identification was carried out by comparing the studied fauna with previous works. The studied macrofossils include corals, bivalves, gastropods and sea urchins. Description Colony shape massive; attachment of skeleton attached; wall development between buds always; symmetry of bud geometry multidirectional; calice or valley width medium (5-10mm); calice relief low (<2mm); calicular platform shape u-shaped; coenosteum narrow (< valley width); exothecal dissepiments present; number of septal cycles >3; septal spacing (per 5mm) 6-12; relative septa thickness unequal; relative costae thickness equal; continuity of costae continuous; septal lobes absent; paliform lobes absent; columella continuity continuous; columella width 1/2; endothecal dissepiments abundant; wall structure parathecal; double or single wall single.
Distribution
Red Sea coast, Arabian Gulf, Atlantic and Pacific Oceans. 
Description
The corallite is discoid, solitary with rounded sharp margins and convex and elevated upper surface and without a calicular depression. The lower surface is flat to slightly concave and without epitheca. The septa are thick, compact and long. The lateral faces of septa are strongly pennulat. Septa are arranged in five cycles and 6 systems. The first two cycles extend to the center of the corallite and joined by their inner margins to form a trabecular columella.
Distribution
Red Sea coast, and Arabian Gulf.
Range Pleistocene-Recent.
B. Bivalves
Abbreviations used (All linear measurements are given in millimeter) H -Shell height.
RV -Right valve L -Shell length.
LV-Left valve T -Shell thickness.
EL-Estimated length. 
Material
Four internal molds from the Miocene, Jb-1, Wadi Jerba, Rabigh, Saudi Arabia.
Dimensions (in mm)
H L  T  20  21  15  19  17  10  18  19  11  13 13 9
Description Subtrigonal shell with more or less blunt posterior carina. The beaks are strongly prosogyrate with a remarkable lunule. The two valves are inflated and wider near the umbo.
Age and Distribution
Miocene of Saudi Arabia, Egypt, Libya and Algeria. 
Description
Large sized Callista, the length exceeds height, prosogyrous beaks with partly truncated posterior margin and moderately convex anterior one. The bad nature of preservation makes complete specific identification difficult. 
C. Gastropods
Phylum Mollusca Cuvier 1795 Class Gastropoda Cuvier 1797 Subclass Prosobranchia Milne-Edwards 1848 Order Archaeogastropodathiele 1925 Family Turbinidae Rafinesque 1815 Genus Turbo Linnaeus 1758 Turbo radiatus (Gmelin 1791
Material
One complete shell from the Quaternary coral reefs, Rabigh, Saudi Arabia.
Description
Shell small to medium, thick and turbinate-shaped. Spire high with 3 whorls. Sutures depressed. Aperture rounded, outer lip smooth and inner lip flat, body whorl large. Sculptured by wavy growth lines and tubercles covered the shoulders. Fig. 2a & 2b) 1982 Nerita (Theliostyla) albicilla (LINNAEUS); El-Shazly: 123, pi. 13, Fig 
Material
Description
Shell small. Spire low. Aperture D-shaped, outer lip and inner lip with fine four teeth. Body whorl large. Sculptured by fine growth lines and black and white bands and others red color.
Distribution
Red Sea coast, Arabian Gulf, South Africa and Madagascar 
Description
Moderate-sized shell, and low spired. The suture slightly impressed. The last whorl inflated, measured more than four fifths of the total height. The bad preservation nature makes specific identification difficult.
Genus Chicoreus Arakawa 1964
Chicoreus virgineus (Roding, 1798) (PI. 3, Fig. 7a & 7b) 
Material
One complete shell from the Quaternary coral reef, Ubhur, Saudi Arabia. Fig. 1) 1887 Clypeaster acclivis Pomel: 210, pi. 11, Fig. 1-9 . 1899 Clypeaster Acclivis, Fourtau: 709, pi. 4, Fig. 1 
Dimensions (in mm)
Material & Dimensions
Three incomplete specimens from Je-3 and SUB-2, Miocene, Rabigh, Ubhur, Saudi Arabia.
Description
Test large, high, with pentagonal outline and sharp angles, generally thick margin (thicker at amb areas than interamb ones); maximum width lies at ambs II & IV. Posterior end sinuate. Aboral surface inflated, raised as a cone and strongly inclined toward sides of test, petals very raised as five-fingers, long and wide; 8 tubercles on the ridge between the pair of pores. Oral surface nearly flat with depressed cone and shallow food grooves. Apical system is slightly depressed between petals.
Order Cassiduloida Suborder Atelostomata Family Schizasteridae Schizaster (Paraster) legraini Gau Xhier, 1900 (PI. 4, Fig. 2a & 2b) 1900 Schizaster Legraini, Gauthier in Fourtau, p.60, pi. 3, Fig. 9,10. 1913 Schizaster Legraini, Cottraeu: 68. 1920 Schizaster Legraini, Fourtau: 79, pi. 5, Fig. 2. 1929 2003 Schizaster Legraini; Elattar: 234, pl. 10, Fig. 1-6, text-Fig. 7A .
Material & Dimensions
One complete, moderately preserved specimen from the Quatrnary coral reef of Rabigh, Saudi Arabia
Description
Test medium in size, subglobular in shape; maximum width lies slightly anterior, climax point lies posteriorly on interamb 5, with feeble anterior sinus, and narrow, vertically truncated, slightly curved and rostrate posterior end. Apical system lies posteriorly, at about 55 % of L, with 4 genital pores. Amb III is wide, deep, being shallower and narrower at ambitus and extending to peristome. Fuchs, 1883 (PI. 4, Fig. 3a & 3b) 1883 Brissopsis Fraasi Fuchs: 61, pi. 22, Fig. 4, 5. 1899 Brissopsis Fraasi, Fourtau: 714. 1901 Brissopsis Fraasi, Fourtau: 106, pi. 3, Fig. 5,6. 2003 Fig. 1-2, text-Fig. 7B .
Brissopsis fraasi
Material & Dimensions
One complete, moderately preserved specimen from the Quaternary coral reef of Ubhur, Saudi Arabia
Description
Maximum width located slightly anteriorly. Amb III wide, crossing ambitus in a shallow and narrow furrow extending to peristome. Other ambs petaloid, depressed and slightly flexuous; ambs II & IV longer and more divergent than I & V. Pore pairs unequal and elongated; inner pores longer than outer ones. Apical system is ethmolytic, slightly depressed between interamb areas, centrally located, with large 4 genital pores, arranged in trapezoid. Family Echinolampadidae Echinolampas sp. 1 (PI. 5, Fig. 1-2) 
Material
One incomplete specimen from Jb-3, Miocene, Rabigh, Saudi Arabia.
Description
Test is large, high with conical shape, acute margin. Oral surface is slightly concave. Peristome with well developed phyllodes and bourrelets, and wider than long. Ambs II & IV are with unequal poriferous zones, unequal pore pairs (inner pores are oval, and outer ones pyriform to slit like. Periproct is large and transversely elongate
Microinvertebrates
The studied microfossils include two groups, which are foraminifers and palynofacies. 
Description
Test discoid, planispiral in the early stages at least of the microspheric form, later annular, completely divided into chamberlets, typically in a single layer, wall calcareous, imperforate, porcelaneous, smooth, aperture a single row of openings along the periphery.
Range
Miocene-Holocene Distribution Atlantic, Caribbean, Pacific and Indian Oceans, Red Sea.
Family Peneroplidae
Genus Spirolina Spirolina cf. cylindracea Lamarck, 1804 (PI. 6, Fig. 2 ) . 1804 Spirolina cylindracea Lamarck: 125.
1988 Spirolina cylindracea Lamarck-Loeblich & Tappan: 371, pl. 393, Fig. 3-4 .
Material 38 specimens, Ubhur, Saudi Arabia.
Description
Test large, early chambers planispirally enrolled and biumbilicate, later uncoiling and rectilinear, wall calcareous, imperforate, porcelaneous, surface ornamented with numerous longitudinal costae, aperture terminal, rounded.
Range
Eocene to Holocene Distribution Atlantic, Caribbean, Pacific and Indian Oceans, Red Sea. Material 42 specimens, Ubhur, Saudi Arabia.
Genus Peneroplis
Description
Test planispiral, involute, suture slightly depressed, wall calcareous, imperforate, porcelaneous, aperture consisting of a series of large, circular to oval pores.
Range
Miocene to Holocene Distribution Atlantic, Caribbean, Pacific and Indian Oceans, Red Sea.
Family: Miliolidae Genus Quinqueloculina (Pl. 6, Fig. 4a & 4b) Material 55 specimens, Ubhur, Saudi Arabia.
Description
Test ovate in outline, chambers one-half coil in length, added in planes of coiling that are 72 a part, successive chambers added 144 a part, commonly with five chambers visible at the exterior, four of which are visible from one side and three from that opposite, wall calcareous, imperforate, porcelaneous, aperture terminal, ovate provided with a bifid tooth.
Range
Cretaceous to Holocene Distribution Atlantic, Caribbean, Pacific and Indian Oceans, Red Sea. 
Genus Spiroloculina
Description
Test ovate in outline, slightly flattened fusiform, early chambers quinqueloculine, later added in a single plane on alternate side, periphery rounded, wall calcareous imperforate, porcelaneous, aperture terminal, ovate, provided with elongate and slightly protruding tooth.
Range
B-Palynofacies
The procedure for sample preparation for palynological study is that adopted at the Atlantic Geoscience Center with some modifications. Only one sample from the shale of Dafin Formation contains plant remains. The rock sample is calcareous, pale grey, soft to moderately hard shale. The recorded plant remains includes rootlets and very well preserved complete leaves in the shale (Fig. 11 & 12) . This implies proximal depositional conditions that may be in vicinity to active fluvio-deltaic sources (proximity of the source area and vegetation cover). The main controlling factor is the short transport of the particles.
The optical palynofacial analysis of the studied sample indicates the presence of Unstructured Organic Matter (USTOM) and Structured Terrestrial Organic Matter (STOM). The following is a description of these types:
1) Unstructured Organic Matter (USTOM)
Definition
Most unstructured (structureless) organic substances are of amorphous aspect and may be referred to as amorphous organic matter (commonly abbreviated AOM), (Fig. 13) . It is generally regarded as bacterially, chemically and/or otherwise altered organic debris with little or non preserved cellular structure. It has no clearly defined shape, and may occur in masses (aggregates, coagulations) or sheets, or be finely dispersed. Other terms that have been used to refer to AOM include amorphogen, bituminous matter, colloidal organic matter, floccules and groundmass, primary shapeless /structureless (organic) matter, sapropel, sapropelic amorphous organic matter, sapropelic groundmass, thermal transformation products and xenomorphic organic matter.
Source
The AOM is derived from a variety of sources ranging from the largest trees to the microscopic organism (e.g. plankton), and most of them is attributable to a combination of the various grazing, bacterial, fungal and other degradation processes.
Description
Diffuse edged 'AOM' particle seen in transmitted white light (Fig.  13) . The form of the edge and the presence of the inclusions indicate that the particle is structureless and not therefore a phytoclast. Some particles have heterogeneous, "clotted" appearance, while others have much more uniform and have a less distinct margin. At the left part of Fig. 13 , some granular variety of 'AOM' which consists of irregular brown granules is recorded in an amorphous matrix. The origin of the granules is uncertain, but they do not appear to be conventional phytoclasts.
Conclusions
Slightly preserved AOM dominates the present kerogen assemblage indicating deposition under sufficiently reducing dysoxic-anoxic conditions (oxygen deficient basin). The site of deposition may suffer from the upwelling where the characteristic deposits are upwellinginfluenced dysoxic sediment facies in closed or semi-closed lake, swamp, lagoon or estuary.
The degraded state of AOM indicates that the examined surface for the exposed sample is suffered from prolonged oxidation in dry arid climatic conditions.
2) Structured Terrestrial Organic Matter (STOM)
Definition
All kinds of "woody" debris, cuticles and other particulate detritus excluding palynomorphs and amorphous organic matter are considered to fall within the circumscription of structured organic matter, or STOM.
They have cellular organization or display other evidence of botanical features. All are regarded as discrete particles that have shapes and forms that may vary considerably from blocky lumps to thin sheets and splinters. The structure may be clearly displayed, only faintly discernible or suggested, sometimes merely by the fact that it is a membrane or filament (tube) that has a clearly defined, non-amorphous outline.
Source
The majority is derived from plants and is, therefore, considered to be phytoclasts.
Description
In the middle part of Fig. 14, some granular variety of 'AOM' which consists of irregular brown granules in an amorphous matrix. The diffuse edged 'AOM' particles are also common.
Conclusions
The highly reduced inputs of phytoclasts and palynomorphs (structured terrestrial organic matter) indicate arid onshore areas lacking the rainfall precipitation (rivers) at the time of deposition. So the wind may be the principal transporting agent for the plant leaves.
The extensively degraded state of the already few palynomorphs and phytoclasts indicate also that the investigated sample suffered from prolonged oxidation in dry arid climatic conditions. 
Palynomorphs Definition
The term palynomorph as used here refers to all discrete acidresistant, organic-walled microfossils that may be encountered in a palynological preparation. The following are considered to be the main content of palynomorphs: Small spores (isospores, microspores), megaspores, pre-pollen and pollen grains and dinoflagellatecysts (dinocysts).
Description and Conclusions
Although the sample contains some plant remains like rootlets and leaves, but the palynomorph content is very poor and the sample is regarded as barren with respect to palynomorphs. The absence of the terrestrial palynomorphs (spores and pollen grains) could be attributed to two reasons:
1-Hydrodynamic equivalence
The presence of terrestrial palynomorphs is influenced by the hydrodynamic equivalence effects. The rootlets and leaves, being relatively large and are composed of dense organic particles and woody debris comparable to pollen grains and spores. So, the rootlets and leaves are often concentrated in depositional sites far from those where spores and pollen are concentrated. This differentiation process according to the size is well done by the transporting medium. In the present work, most probably the wind has the main effect due to the highly reduced inputs of phytoclasts which imply arid onshore areas lacking the precipitation of rainfall.
2-The extensive oxidation effect
Despite that the shale is sampled from a depth of about 70 cm, the depth of weathering and the prolonged oxidation of the sediment surface of the studied sample argued for the main reasons for the complete degrading and absence of such type of organic walled microfossils.
Paleoecological Implications
The studied shell dominated beds in Rabigh and Ubhur areas are considered as shell concentrations of Early-Middle Miocene and Pleistocene age. The shell concentrations or dense accumulations of fossils are formed through the combination of three groups of factors: biological processes, physico-chemical processes, and time (Fürsich, 1995) or by combination of mechanical and biological processes (Boyer et al., 2004) . Analyses of shell concentrations provide a tool for palaeoenvironmental reconstructions (e.g. Kidwell et al., 1986; Kidwell, 1991; Fürsich & Oschmann, 1993; Fürsich, 1995; Abbott, 1997; Boyer et al., 2004; and Tomašových, 2004) . The term shell concentration is used herein to denote deposits of any geometry containing a relatively dense accumulation of biogenic hard parts larger than 2 mm (Kidwell, 1991; Fürsich, 1995; Tomašových, 2004) .
Two types of shell concentrations are recorded in the present study:
Early-Middle Miocene Shell Concentrations
Biofacies and taphonomic analysis has allowed for the reconstruction of the paleoenvironmental history of accumulation of a series of spectacular mollusk-dominated shell-concentrations and the benthic assemblages that inhabited the Miocene sea of the study areas. Mollusk-dominated fossil assemblages were defined from the study areas including the presence of Favia sp., Cerastoderma edule,? Callista sp., Chicoreus virgineus, Clypeaster acclivis and Echinolampas sp.
Transgressive and Maximum Highstand phases preserve the Miocene shell beds of Rabigh and Ubhur areas. They were deposited in tidal current-dominated upper intertidal environments. Based on these fossil assemblages, several benthic life associations can be identified. These faunal assemblages inhabited intertidal and foreshore settings and were represented by soft-bottom infaunal suspension feeders, as well as by firm bottom, vagile carnivorous and suspension-feeding epifauna.
The main agents responsible for the formation of the shell concentrations from the Early-Middle Miocene of the study areas were storm-induced waves and currents, reduced sediment input, settling behavior of benthic macroinvertebrates and productivity. The sea floor was below fair-weather wave-base, but within the reach of storms.
On the other hand, the majority of foraminifera are adapted to normal marine salinities (about 35‰) and it is in such conditions that the highest diversity assemblages are found. The collected and described foraminifers from the Miocene rocks of Ubhur area are porcelaneous forams belonging to Miliolina which represent high CaCO 3 concentrations of relatively hypersaline waters.
Quaternary Shell Concentrations
A raised beach or a marine terrace is an emergent coastal landfor. Raised beaches and marine terraces are beaches or wave cut platforms raised above the shore line by a relative fall in the sea level.
Around the world, the combination of tectonic coastal uplift and Quaternary sea-level fluctuations has resulted in the formation of marine terrace sequences, most of which were formed during separate interglacial highstands that can be correlated to Marine Oxygen Isotopic Stages (MIS).
A marine terrace commonly retains a shoreline angle or inner edge, the slope inflection between the marine abrasion platform and the associated paleo sea-cliff. The shoreline angle represents the maximum shoreline of a transgression and therefore a paleo sea level.
The Pleistocene raised beaches of Rabigh area are reef dominated shell concentrations formed as a result of biological processes. They are dominated by reef corals (hermartypic), mollusks, barnacles, crustaceans, and sea urchins.
The Pleistocene raised beaches of Rabigh area are composed predominantly of scleractinian corals (Phylum Cnidaria; Class Anthozoa; Order Scleractinia). Most scleractinians, and particularly those that build reefs, are colonial, anemone-like animals that house microscopic algae and secrete skeletal structures composed of calcium carbonate. The coral animal apparently derives energy and nutrients through photosynthesis by the algal symbionts, which enhances its growth and allows it to thrive in nutrient-poor conditions. Corals are usually the main contributors to reef accumulation and provide the main structural network, or "framework", of the reef. However, algae that secrete calcium carbonate, such as coralline red algae and an abundant calcifying green alga known as Halimeda, are almost always significant contributors as well. While many calcifying algae contribute particles that rapidly become reef sediments, coralline red algae often have an encrusting growth form that tends to act as a "glue" that holds the reef fragments and sediments together. Another significant component to reef sediments are benthic foraminifera, protozoans that secrete calcium carbonate tests that range from microscopic to millimeters in length. These organisms produce the bulk of the reef structure and the basis for the entire coral reef community, which includes representatives from nearly every marine phylum, from unicellular organisms to fish and mammals. 
